Introduction
Streptococcus pneumoniae (S. pneumoniae) is a ubiquitous gram-positive bacterium with 96 serotypes identified by their capsular polysaccharide. 1, 2 Infection with S. pneumoniae is often asymptomatic, due to nasopharyngeal carriage, especially in young children, where up to 75% can be carriers. 3 When disease progresses, it can range from mild mucosal infections such as acute otitis media and sinusitis, to more serious infections including pneumonia, meningitis, empyema and septic arthritis. These severe infections are collectively referred to as invasive pneumococcal disease (IPD). 2 It can occur both J OURNAL OF PRIMARY HEALTH CARE 25
as a complication of mucosal infection or as a primary infection without an identifiable source. 1 Globally, certain groups are particularly at risk from IPD, including the young (aged <2 years), the elderly (aged ≥65 years), the immunocompromised and specific ethnic minorities. 4 The mechanism of increased susceptibility is likely immature immune responses in infants, insufficient immune responses in the immunocompromised and immunosenescence in the elderly. 1 In New Zealand (NZ), certain groups such as Māori and Pacific people are more frequently exposed to disease through socioeconomic deprivation and crowded living conditions. 4 The capsular polysaccharide is a determinant of virulence and invasiveness, thus certain serotypes are associated with more invasive potential and anti-microbial resistance. 5 With the introduction of worldwide vaccine programmes, the phenomenon of serotype replacement has resulted where vaccine strain serotypes are replaced with non-vaccine serotypes. 6, 7 The emergence of non-vaccine serotypes, which are potentially more virulent, is a selective pressure on vaccine programmes. 8 The 19A serotype is particularly concerning, given its rapid appearance and propensity to cause more severe disease. 9 The types of vaccines and the serotypes they protect against are summarised in Table 1 This was replaced by PCV10 (Synflorix©) in 2011, which in turn was replaced by PCV13 (Prevenar-13©) in 2014. Each new conjugate vaccine has increased the number of S. pneumoniae serotypes included (from seven to 13), focusing on those that most commonly cause severe disease. From 1 July 2017, PCV10 replaced PCV13 as the primary vaccination for the prevention of IPD on the immunisation schedule. Research in NZ and elsewhere shows that addition of the scheduled PCV vaccine in the <4 years age cohort results in indirect herd reductions in vaccine strain IPD incidence in the elderly. 13 Because outbreaks of IPD are rare; public health action to address the disease is largely dependent on vaccination policy and reducing population exposure to determinants of disease.
14 IPD has been notifiable since October 2008, with information on each case collated in the Institute
WHAT GAP THIS FILLS
What is already known: The occurrence of invasive pneumococcal disease can be controlled by vaccine policy.
What this study adds: This study describes the epidemiology of the disease in the Auckland region as a snapshot of the New Zealand situation. 17 Where ethnicity was not recorded in EpiSurv, this was cross-matched using the unique National Health Index identifier numbers (NIHs) in the electronic patient database (Concerto) at the Auckland DHB. These cases were not included in analyses where ethnicity was a variable.
Statistical analysis was performed in Microsoft Excel©, with Microsoft Analysis ToolPak© add-in and using the OpenEpi version 3.01 Byar J OURNAL OF PRIMARY HEALTH CARE 27 approximation when calculating incidence rate ratios. 18 For incidence rate ratios, the numerator was the total number of confirmed cases notified to the Auckland Regional Public Health Service, available on Episurv. The denominator was the estimated resident population for Auckland from the corresponding year, which was calculated as the sum of people living in the Auckland, Waitemata and Counties Manukau DHBs, available from Statistics New Zealand. Incidence rates were summarised into counts per 100,000 person-years. To assess the long-term trend while adjusting for seasonality, the third-order polynomial smoothing function was used.
Results
Between January 2009 and December 2016, there were 1,423 cases of IPD in Auckland. Serotype characteristics are presented in Table 2 .
From 2009 to mid-2016, there was a trend of gradually decreasing annual incidence rates from 14.2 to 9.6/100,000 person-years. The winter of 2016 had a spike in incidence rates. As illustrated in Figure 1 , a seasonal pattern occurred with increased incidence over winter. The average number of cases was 178 per year, with an overall incidence rate of 11.8/100,000 person-years. There was a significant difference in incidence rates by sex, with an incidence rate ratio of 0.81 for females compared to males (95% CI 0.72-0.90, P < 0.05). Figure 2 shows the age distribution of cases in Auckland, with the two major at-risk groups (people aged 0-4 and ≥65 years) over-represented in rates of IPD. There was a decline in IPD rates of 12% and 32% over the 8 years for the ≥65 and 0-4 years age groups respectively. Cases increased in the winter quarter of 2016, mainly in the 0-to 4-year age group. Figure 3 shows the differential rates when analysed by ethnicity. Through the study period, European/Other and Asian rates remain consistently low, at 3.8 and 10/100,000 person-years respectively. The Māori incidence rate rapidly declined between 2009 and 2013, before increasing in 2014-15, then dropping again in 2016. The highest incidence rates were found in Pacific people, peaking at 36/100,000 person-years. Before 2016, the Pacific people incidence rate of IPD was decreasing more quickly than the European/Other and Māori rates. However, the IPD incidence rate for Pacific people increased noticeably in late 2016. Between 2009 and 2016, there was an overall incidence rate ratio of 1.86 (95% CI 1.61-2.16, P < 0.01) between Māori and European/ Other, and 2.9 (95% CI 2.61-3.34) between Pacific people and European/Other (P < 0.05). Figure 4 demonstrates that socioeconomic deprivation is also positively associated with rates of IPD. There was an incidence ratio of 
Discussion
This study examines the descriptive epidemiology of IPD in the Auckland region.
Like other regions in NZ, IPD rates are cyclical with peaks in winter and troughs in summer.
Since the vaccine era started, there has been a gradual decrease in disease in the 0-to 4-year age group and no trend in the 5-to 64-year age group. Results show a dominance of IPD disease burden in the elderly -a shift from the pre-conjugate vaccine era where infants had the highest incidence for all cause serotypes. We found a significant difference in disease burden by socioeconomic status, with high rates in NZ Deprivation Index 4 and 5 groups. Ethnically, there were substantially higher rates in Pacific people and Māori than in NZ European/Other and Asian ethnic groups. In the second half of 2016, there was an increase in the rate of IPD in Auckland, mostly in children aged 0-4 years and people of Pacific ethnicity. Most of these extra cases were caused by serotype 19A, despite 90-95% PCV coverage in this population. 15 The reason for this is uncertain and may be a result of greater exposure to other determinants of IPD infection not captured by these data.
This study was carried out through the vaccine era and shows a reduction of cases in the 0-to 4-year age group, and herd immunity for older age groups. PCVs have been shown to reduce carriage of S. pneumoniae in the nasopharynx and inner ear, thus conferring herd immunity because the overall prevalence of the organism is reduced in the vaccinated population. 19 This is evident in the significant drop in rates of IPD following introduction of the first conjugate vaccine, even in unvaccinated children. 20 PCVs also produce herd immunity for adults, as children are the main reservoir of infection. 21 Immunisation of children with PCVs translates to reduced nasopharyngeal carriage in adult populations 22 and an overall decreased rate of IPD in the elderly. 23 PPSV23 is considered inferior due to reduced effectiveness against more aggressive serotypes and inability to prevent pneumonia and otitis media in children. 10 The emergence of the 19A serotype has been cause for concern in vaccinated populations. This variant is associated with more serious invasive disease, and with high proportions (30% in the US) of multi-drug resistance. 8 PCVs have well-demonstrated vaccine efficacy of up to 97% for vaccine-type serotype invasive infections, but can also have some efficacy against vaccinerelated serotypes (i.e. non-vaccine strains), due to cross-reactivity of related antigens. 24 A 2014 case-control study of 316 IPD cases demonstrated that PCV10 (Synflorix©) has a vaccine efficacy of 77.9% against 19A, due to cross-reaction with the 19F serotype included in the 10-valent vaccine. 25 Prevenar-13© (PCV13) contains a specific 19A antigen, but in recent studies, its vaccine efficacy against IPD due to 19A has been shown to be similar to that of PCV10 (Synflorix©), ranging from 70% 26 to 73%. 24 This evidence has resulted in NZ replacing PCV13 (Prevenar-13) with PCV10 (Synflorix©) on the National Immunisation Schedule in 2017. New Zealand is the first developed nation to make this change, so it is important that surveillance mechanisms closely follow developments in serotype dynamics. serotype has become a major cause of IPD in the ≥65-year age group as well, with a steadily rising incidence despite a fall in overall incidence. There may be a case for PCV vaccination for the elderly due to this shift in serotypes and the associated increased disease severity of 19A. This conclusion is supported by the CAPITA study, 27 a randomised controlled trial that compared immunisation with the 13-valent conjugate vaccine with placebo vaccination in vaccinenaïve adults aged ≥65 years, using a sample of 84,496 study participants. The trial demonstrated statistically significant efficacy in preventing vaccine-type community-acquired pneumonia (VE 45.6%) and vaccine-type IPD (VE 75%) in this cohort, but it did not reduce overall mortality or rates of pneumococcal pneumonia and IPD. Subsequent analysis suggested the intervention was highly cost-effective for highrisk individuals. 28 If rates of 19A disease remain high, there may be a role to control this serotype by vaccinating the elderly.
This study did not examine the role of preexisting comorbidities on the incidence of IPD. Whether iatrogenic or pathological, immunosuppression is a major risk factor for IPD, and PCV is indicated for these patients as well as people with asplenia, cochlear implants or those receiving dialysis.
14 Further investigating the comorbidities and vaccination rates of IPD cases could reveal whether PCVs are being adequately delivered to high-risk populations. Studies investigating the correlation of comorbidities with IPD and the rise in the serotype 19A non-vaccine strain replacement are ongoing.
Conclusion
NZ has made considerable progress towards the control of IPD with the introduction of the conjugate vaccine. However, large ethnic and age-based differences in disease incidence remain. Vaccine and surveillance policy must now use epidemiological evidence to implement further measures to protect people at greatest risk of the disease. As well as childhood vaccination, it might be useful to fund a conjugate vaccine for the most at-risk groups -the elderly and immunocompromised people.
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